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Liquid Crystal Display Device and Display Device 

BACKGROUND OF THE INVENTION 

The present invention relates to a display device and a liquid crystal display device, 
particularly, to a display device and a Itqutd crystal display device that perform color display 

by emitting light from a light source through a color filter layer. 

,nrecentyears,..qu,dcrysta.displaydevicesareuti.,zedinawiderangeoff.eldsfrom 

m ed,um-sized and large-sized displays used for computers, television sets and the like to 
sm all-sized displays used for car navigation systems and mobile telephones. A Itqutd crystal 

. . . ....u.-M^.-nit onrialimiid crystal display panel. The liquid crystal 

display device inciuucs a uatwis"' ■ 

display device perform tntage display by the liquid crystal display panel .hat controls 
transmission of light from the backlight unit. 

Among them, active matrix liquid crystal display devtces, which use active elements 
such as thin film transistors (TFTs) and metal-insnlator-metal (M1M), are drawing attention 
because of excellent display characteristics. An aetive matrix liquid crystal display dev.ee 
normally includes a TFT array substrate having TFTs as active elements being arrayed m a 
matrix and an opposing substrate that opposes to the TFT array substrate, and liquid crystal ,s 

filled between the two substrates. 

The liquid crystal display device includes a display region composed of a plurality of 
pixels each of which having a display electrode and a TFT. Light transm.ttance is varied by 
application of an electric field to the liquid crystal with the display electrode, thus pertormmg 
imaB e displav. In a color liquid crystal display device, a color filter layer for performing color 
display is normally provided on the opposing substrate. The color filter layer is composed ot 
three layers of red (R). green (G) and blue (B> side by side, and a black matrix layer formed 
between these respective color filter layers. Each of the color filter layers transmits light of 
only a specified range of wavelengths, thus displaying a desired color. Each of the pixels 
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imp „ J fls re from *e vie. pen, of dtsplay One is — e o H 

Z y device, und the orhe, is a repr^ucible range of colors. In order ,o perf™ 
nef,n,K,„a,sp,a y .H lghlU ,n.n a „cea„dawi d e re p r od U c, W e r an g eofc„,o Kar e reqU ne, 

in J of ,he reproduce ran g e of coiors. such coior reproducbilt, ,s reared 

loapproxima v H » That is it has been deemed ideal to br.ng an 
(NT SC, color TV system as closely as possible. Th, ,, « has 

NTSC ratio to .00%. Here, the NTSC ratio refers to an area, rauo „ . - ' - 
Zrodue.ionre.onreali.edbyad.splaydev.cewtthrespeettoanareaofatnan.efomredby 

a color reproduction region of NTSC in a chroma.icity coordinate system. 

Lrrheless. i, has been deemed tmpossible to achteve color reproductbtl, y a, n 
NTS C ratio of ,00% with a convenriona, liqutd c^sta, disp,ay devtce. „ is attributed ,„ the 

the color filter or considerable condensing of photosensuive ptgments contatned ,n the color 
filter layer. Th.ckening a film of .he color filter layer tncurs two problems. One of he 
pr0 blcms is that optical transmittance is largely reduced by thickening the film of the color 
fi„ er ,ayer ,„r by condensing the pigments), and thus sufficient luminance cannot be secure^ 
For.hisreason.inltcuidcrysta.dtsplaydevtcesusedtugcneral.anNTSCranoofanLCDusc 

for . nole PC has been limited ,o about 45%. and an NTSC ratio of a stationary-type hqutd 

crvstal display monitor has been limited to about 70%. 
" Moreover.inorder,oachievc,hcNTSCra,ioof.OO»,,vi,hae„nvcn„onalfluore S cen, 

lltth , mbe and a color filter layer, experiments proved tha, a color filter layer rcqutred a 
.Mckness of about 8 mierometera. Such thickness outsteps a boundary ot practtcally 
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,, , - Of course .he thtckness can be reduced if a pigment density 
pMueeable color filter layer, Of e urse ^ ^ ^ 

is increased. However, the ^'^"^ j^like) of the color filler layer. Furthennore, increasing 
of a base member ( acry„c restn and the Uke) o ^ ^ 

like - ■ j ,h.i fluorescent light tubes with htgher luminous 

Accordingly, it has been coneetved that fluoresce g 

u MT^r ratio and securing suinucm ^ 
efficiency were necessary for achtevmg a htgh NTSC 

graph - — . — - * » - - - « 

ra "° fl toll energy spectrum of a lamp, and its unit is an arbitrary unit. The y ax, 
corresponds to a radtam energy P nufflera|s 

on ,he right indicates transmittance of a color filter layer. I 
The backlight una obtains the hght from fc 

-« ■--^••^^Itr.^:--- 

phosphor: LaPO.tCe.Tb tor a green phosphor, and : o, 
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T c .vn-Eu InFiglO.referencenumeralslOM.IOOSand 
BaM 8: M,»0,En. ^^::^ ot . . radianl e„e,y specie of ,be 
l006 arc a radian, energy specmrm P dy The ^ 

- ^ - a rad,an ' i - «. - - ^ 

phosp „„r possesses a maximum peak of rhe spe ^ ^ 

„ea k s revive,, In rhe The red phosp hor possesses a maximom peak 

HgU also observed in the vicinity of 580 nm. 

„<■ ,h, snectrum in the vicinity of 610 nm. .... k .„ji.„,mmiv 

apart from the maximum peak. And the s p smittance curv es of the 

blu e co>or fiber iayer and ,be .een c 1 P ^ ^ 

, on ,„ave s,de is located app— ,y *e — e ^ 

; .™ ,:;rr.:— 

■ - ■ 

above-desenbed sub peaks has not been found to date. 
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♦~ o ration between transmittance 

ma,ena1 ' „ win, a state how the luminance of the light transmuted throngh 

Fie. 11 is a graph showing a state now „...,..„i.i™™,sed 

• in. he case that the thickness of the color one. 

.hecolorftlterlayerdecreasestnthecasetha ^ ^ 

for gainm g a larger NTSC ratio in the convent- « r ^ ^ 
„ uor escent light iuhe as the Ugh, source. In F,g. 1 1 , the y axrs 

,SmCT£a ; : eN T^ahoisaho U tS 5 %orhi g h=r,hussharp ly decreasin g ,he,u m ,„anc : 
""^ Tl- ^ve discovered that the luminance of the light 

vijcp ratio if a thickness of the color titter layer 

— — — 



athode tube. 



summary of the invention . dcvicc 

Therefore, one objec, of the present inventton ts to p «t,d a . 
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As . resul, of devo.ed research in order ,o achieve a liouid crys.al dismay device 

■ i w u MTSC ratio particularly one which the 

in oruei iu fl llorP c re nt litiht tube, luminous 

othcr words, .he inventors have lound our for .he 

,i Aic n \av device can be obtained in a region u. - - 

L„i„ — sion of fron, .he foreseen, W «*■ *** ^ 
I incudes: a coior fdrer suhsrra.e having coior finer layers of red. green and on, an 

I dbeLnrheopposing — and fhe eo.or f.irer The Huoreseen, h 8 -ra 
includes a phosphor having *0% or lower iunr.nous effic.ency ,n conrpanson w, 
To Ce T . as a green phosphor. A nrax.nruu, pea k of a radian, energy spec,™ of , e 
-ded w,hin a spec.ra, — e region of .He green eoior fdrer layen n 

phosp «->^^-^rr^^- 

regions of .he blue and .he green color filler layers overlap. Ihcfluousccn.hg 
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MTcr ratio of 8*>% or higher. 

■ Af , he red co lor filler layer overlap, concemmg the potnts other 
fiUer layer and of the red colo y ^ rf ^ 

max imum peak. Moreover. „ ,s preferable that a wa e 
rad ia„, energy spectnrn, of the green phosphor » tncluded wtth, — ^ 
,0,. or higher ce of the m a X , m r, m .ran— ^n 

A,—, ,,. iSP — — 

55% or higher and rhe nraxintunr transnttuance of the blue color J 

A second aspec. of the present Invention is a Itqutd crysra, u,s„,«, - 

. backlight and a ,i q n,d crystal display panel for dtsp.aytng tnrages by controlling 

Z Irate having color filter layers of red. green and blue; an opposing substrate 
"the color filter substrate; and a liquid crysral materia, being filled between • e 
substrate and, he color filter substrate. The backlight uni, includes a pluraltty of c„,d 

rz:::::;!., - - — - - — : - 

crysra, display panel and hav.ng any one of Zn 3 SiO,Mn and 3(Ba.M g .En.Mn,0, A. A a 
12 pho pho The liquid crystal display device further includes a diffuse plate « t 

diffuses the light from the cold cathode tubes. 

Prclllv.thcpluraluvofcoldcathouetubesandthecolorfilterlaycrshavcarelarton 

,„ , ha , , color reproduction region of the ligb, enritted front the plurality of cold cathode tubes 
, hroimh the color filter layers has an NTSC ratio of 85". or h.ghcr. 

A third aspec, of rhe present inven.ion is a liqurd crystal display decree ,nc,ud,ng a 
n^scentlightrubeasaltghtsourceandalicuidcrystaldtsplaypanelfordisplaytngtnaagcs 
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fn.edbc.een^op^ngsubs.ra.eandtecCo f„,er b, ^ 
, nclud es a phosphor S0 % . low. ,u m ,n u « ^ ^ 

La P 0j :Ce.Tb. as a green phospho, A n— pea, ^ ^JJ^U^, 
■ i ^ Within a soectral transmissive region ot the green 

- - tad— ^ of a b , ue phosphor coal ed inside the 

^ovim,.m neak value of a radiant energy y fll .. ull ..,„H the 

f-uorescen, light tube, opncal elements for control g nd 

rrs" :rrnr 

and Y : O v Eu as phospno fiUer fS 

, t , wavelength where spectral transmittanee curves of the blue and the gr 

,w nf radiant enemv of the blue phosphor or less. The 
* • - sno n f q maximum peak ot raaiani uici^v 

lhe color frlter layers has an NTSC ra„o of 85% or higher. 
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A fifth aspect of the present ,nve„,ion is a display device indudtng: a fluorescent Ugh. 

lube ha ;::i of Z,S,0, : M„ - 3,™^~; 

— — — ° f ::::ci~^-.-o,o I „fte r 

layers have a relation in that P 

ssr » — t^stz 

,0% or htgher transmtrtance of .he maximum transmtftance o, me B ,ee„ _ , 

Alternatively „ is prefer* that the maximum transmit.anee of the „ g h, of the green color 

a sp rem suhstrate. and a >i q uid crysra, dtsplay pane, having a ,i q uid crystal materta, fifte 
I „ the firs, and the second transparent suhs.rates as the oprtca, eiemenr, The ,, q u, 
Z 1 aispiay Panel indudes a color filter layer and a plurality of pixe, electrodes he, 
^parent elides arranged ,„ a matrix, for app.ymg eleetrte fields ,o the h q u,d crysta, 

material. 

Brief Description of the DrawingS , dvann «T CS 

For a more complete understanding of the present mvent.on and the 
thereo , .ferenee is no, made to the following desenption ta.en in conjunction w.th the 

accompanying drawings. 

Flg , I is an exploded perspective view for describing a structure of a hqutd crysta, 
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display device according .0 an embodiment of .he presen, invention. 

fig ' is an exploded perspective view for descrtbtng a stnacmre of a l.qutd crystal 
display panel of. he liqutd crystal display device of the embodiment. 

Fig 3 is a graph for comparing an emission specrum of a green phosphor of ,he 
embodiment with an emission spec,™, of a conventional green phosphor. 

Fjg 4 is a graph for comparing an emission spectrum of a cold cathode tube of the 
eurbodtmen, whh an emisston spectrum of a conven.iona, cold cathode tube 

Fig 5 is a graph showing the emtsston spec.rum of .he green phosphor o. .h 
embodimen, .he emission spectrum of .he convenriona. green phosphor, and spectra, 

.ransmiuance of color filter layers of the embodiment Hp „ lhe of the 

Fig. 6 is a graph showtng the emission spectrum of .he cold cathode tube of the 

embodiment and spectral mtnsmiuanee of the color filter layers. 

Fig 7 is a graph for comparing the spectra, transmiuance of.be color fiber layers of 

lhe embodimen, with spec.ral —nee of color filter layer, of a conventional hqu.d 

crystal display device. 

Fig 8 is a graph for describing variation of luminance with respect to an NTSC rat.o 
between the conventional liquid crystal display device and the liquid crystal display device of 
the embodiment. 

Fig 9 is chromaticity coordinates for showing color reproduction reg.ons. 

Fig 10 is a graph showing emission spectra of a cold cathode tube and spectra, 
omittance of color filter layers of the conventional liquid crystal display dev.ee. 

Fig. 1 1 is a graph showing a relation between an NTSC ratio and luminance m the 
conventional liquid crystal display device. 



detailed description of the preferred embodiments 
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Now description wiU be made by takinga liquid crystal display device as an example 
for „„e embodimen. of apphea.ton of .he presen, invention. For a ,iqu,d crvsra, display dev.ee 
of a h,gh NTSC ratio. «be embodtmen, uttltzes a phosphor low in .ominous etitctency ,n 
comparison with a conventional one. Even ,f a lamp has low lumtnous efficiency a qutd 
^sraldtsplaydeviceofhigherlumtnancethanaconventtonaloneisobtainableoutofaltqutd 

crystal dtsplay device of a h, g h NTSC ra„o. Here, the luminous efficiency refers to lummance 
oHigh, cmtsston in the case when a spectfted quantity of elcctr.e power (e.g.. , W, is supphed. 
As for the unit of luminance, lumen 0m) as the unit of luminous flux ,s used. 

Fig. 1 is a perspective view of a liquid crystal display devtcc, whtch ,s one 

embodiment of the presen. inven.ion. Each of components are musua.c ... - 

A liquid crystal display device 101 comprises a bezel 102, a liquid crystal dtsplay 
pane, ,03 and a backhgh, unit ,04; and the backUgh, unit ,04 is a dtrcct-type p,anar „gh« 
source untt. Images are dtsplayed by the Itqutd crystal display panel ,03 controMingquan.tues 
of transmission of the light emitted from an optical emtssion surface of the backlight unt, 1 04. 

The backlight unit 104 includes a front frame 105 and a rear frame 106, and a 
diffusion plate 107 is disposed therebetween. ,n a position faeing a back surface of the 
diffusion plate 107 and within rhe rear frame 106, disposed are a plurality of cold cathode 
fluorescent light tubes 108 collectively as a light source. The cold cathode fluorescent Itgh, 
,ub=s 1 08 are disposed on a back surface of the liquid crystal display panel 1 03 Light emtt.ed 
from the Ugh. source passes through the diffusion plate 107. is diffused almost uniformly, and 
i, emitted ou, of an optical emission surface of the dtffusion plate 1 07. The diffusion plate 1 07 
is „eld as sandwiched between the fro,,, frame 1 05 and the rear frame 1 06. The diffusion plate 
,07 is made of res,,, such as acrylic res,,,, and it has a function of uniforming lummanee ot 

the light from the light source. 

Both ends of the plurality of cold cathode fluorescent light tubes 108 are fixed to a 
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, „ ,„„ ,09 By using the plurafi.y of cold cathode ,ube, lumtnance „ enhanced. The 
lamp holder 109. By ustng P „ flhe rea r frame 106 wilh a screw. Ugh. 

lamp holder 109 is fixed ,0 an internal surface of the rear fram 

re fllive sheets are stuck on the interna, surface of the rear franre ,0b ths effee y 
Seeing the light fro. the cold cathode fluorescent light tnhes ,08 toward the stdc of the 

m . The circut, substrate 1 . 0 tnc.udes electric power ctrcutts such as a DC-DC convener 



inverter circuits. 



The „ q „id crystal display pane, 1 03 tncludea two transparent substrates fixed wt, 
seal adhesive, and a fiquid crys.a, ntatenal is filled be.ween .he suhatra.es. -ne o. _ 
ltra.es is an array subs.ra,e on wh.ch switching elemen.s are atrayed in a m a,rt. and he 
a color filter auhs„e havtng color fil.cr bayers of red ,R,, .een ,0. and blue 

sw ,,ching elements. The „ q uid crystal d.splay pane, ,03 is fixed .0 ,he fron, frame ,05 wt. 
I as.i d„ub,e-sided tape. On .wo stde edges of .he array substrate, connected are tape 

LLnLcaW fines are provided on one side of .he TPT a my , and a paltry 
fgal ednver,Csforga,e.,nestha,c„n, ro ,ga,cv„,ta g csareprov,dcdon.heo,hers,dc,erefi 

, 12 . „ should be noted ,ha, the driver ,C may be directly disposed on .he army subs.rate as 

WC "' a, for a backfitrh, unit, .here is also a sidelight backltgh, unt, besides the 
ahove-described dtrec, backfigh, uni,. The sideltgh, backhgh, unit generaUy tnCudes a hgh, 
gu ,dc plate. a reflective sheet, a diffusion sheer, a prtsm sheet having a hgh, condensmg 
Lion, and one or p,ura, cold cathode tube as a hgh, source. The cold cathode tube ,s 

J P9-200 1-0065 -LSI 



10 



15 



20 



, igh , guide plate. Thed,ffuso„ eplaIean d uniforming,,. The 

: I IL . ,he „ g h, gu.de - - s.de sur.ce of , = * £ 

Eacnpixelelec.rodeappliesanelecmcfieldo.speemeam.en.K,,.,,..^^-.-- 
. s e,ec,ed pix based on a ga.e vohage ,npn„ed by .he dr.ver ,C „3 and a ,s P ,ay s, g na 
g e. The voHage inpuPed by -he so.ce driver >C is sen, ,0 a d.sp.ay e ecode v, 

By changing .he voUage. an appHed voUage ,o rhe U q uid crysra, can be naoduU.e ,h 
loni g r— ce of *e hgh, from .he bacxHgh, uni, in a „ q nid crys,a, nra.ena, ,ay. 

displayed on the whole display screen. 

Fig . 2s ho W sanarea,nc 1 ud,n g fourpixe,,which i sapa„ofadisp,aya re aof t heTFT 

liqui dcrys,a,disp,aypane, ,03. The drawing inCndes a c„,or fd.er subs-ra.e 20, andaTFT 
l y I, ra «e 202. ,hese subs.ra.es being d.sposed w,,h a space of abou, 5 _,e 
eacLher ,hh a space, and a „ q nid ^ nra.ena, - f,„ed in .his space. T e co,o 
sllbslra ,e 20, inCndes a po.an.ng p,a,e 20, ,ha, po,ar„es ,rans„„Ucd „gh. a g,ass sub ,r 
a„ 4 and color f,„e, ,ayers of.hrce co,„rs of red ( RI. b,nc ,B, and green ■ <„. Moreo e ,h 
: olor f,„er subs.ra.e 20, further inc.ndes an indiunr ,,n ox.de „TO, .ransparen, elecno 
thin .r,, m layer205 a sadisplaye,ec t rode f „rapply,n g ane,ec,ric fi e.d 1 o t he„ q n,dcry S ,al.The 
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1 , , ^ a t a lines ^08 for forwarding display 

• . .tfto 207 as switching elements, data lines 
thin-film transistors (TFTs) 20 ^ aci tors210 a glass substrate 

r <>nQ for controlling gate voltages, auxiliary capacitors 2 1 u, g 
signals, gate lines 209 for controlling b on facing surfaces of the both 

2 , landap „ l a„ Z in gP ,a,e2n f orpo,a riZ i„ g — ed., gh Onfa™ 

substrale , provi ded are airmen, ,yers M *, * < - * 

m eans applicable .0 an in-plane sw.tchmg (IPS) system 

strode on one substrate, and «o a VA system as we.l. 
The color filter layer is an acrybc base member with pigments o,spers CU ^ - - 

epoxy resin as a base member, or ones using dyes P 

k As for examples of the pigments, quinacndone pigments (red), y 
plgm ents. As for examp phthalocya nine blue and the like are 

,h ' SSPeC 'Ir— ent.nnl.ed.sa.eenpbospbor-ebbasneeerbeennsedasa.i.bt 
,. l ,lidcrvs,a,disp,avdevicebecauseofi,s,ower,n m inon S effieiency,nco m par, S on 
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extremely small sueh as about 3 to 6%. ^ 
FiE 3 is a graph showing a radiant energy spectrum of Zn : S,0,Mn, 
big. 3 b ia r reference numeral 

— - - - ^ - m ,h ; z p :;: :: z ■ » — 

aradian.energyspec.™mofUPO J .Ce.Tb, ^ ^ 

f ,h, radiant energy spectra in the case where the same energy 
ratios of the radiant energy v T he v axis indicates an energy ratio, 

u u ™ The x axis indicates an optical wavelength. The y axis mtn 
phosphors. The x as , maximum peak a, ahou, 530 nm and no aub 

a „d its unit is an arbitrary un«. Zn : S,0,Mn has a 

neaks in other wavelengths. The peaks observed a, about 405, 435, 54 a 

'emission of Hg filled in a cold cathode fluorescent light tube. ,. is _ - . 

io „ the green color fiber layer, and tha, ,1 does no, have any other sub peaks. 1. should 
I 8 ! a, a ho, cathode tube may be also usab,e for a fluorescent „gh, tube. Hc^ever 

I enng i,s phystca, dimension, a cold cathode tube is preferable. Further— a 
1a N and the like for gases to be filled in the fluorescent light tube bestdea Hg. S, e 

- h, -* — „ - 

regard will be omitted here. . 

' As ca „ be understood from Fig. 3, the lumtnous efficiency of Zn ; S,0 4 :Mn ,s smaller 
lhan , h e .uminous efficiency of LaPO.tCe.Tb, which is about 72% of the luminous efficiency 

of Phosphors on cold cathode fluorescent tubes of the same type and by 

of ,pho,phor.eve„in,hecase„fthepho S ph„rhav,„g,l,e,uminou S e, t ,c,e„c>o.M aorlowc 

Ihsofhigherlnmtnance.hanaconventionalli^idcrvsta.dtsplaydeviceatahtghNTSC 
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„ Z» SiO Mn is used as the green phosphor and .he eonvennona, cathode 
lub e ,n whtch Z„ : S,0,Mn ■ ^ 

„, m - W? 0 *****^ L as Hue and red phosphors, 

BaMfcAh^Eu and YjOjtEu are nsed ,„ .he 

' • , i„ Fitz 4 a reference numeral 401 deno.es me etmsa.ou 

ZIZ el Irlde fluorescent „ g , - and a reference numeral 40, de,, .he 

emissl0 „ spee.mm o f .he eold ea.hode ^^t^ZZ 
coordina.e axes thereof are stmilar to those m F.g. 3. It should 

; cmm of each of the eold eathode fluoreseen, Hgh, ,uhes is var.ahle .0 some ex.en, hy 
varying a composition ratio of the phosphors. 

Luminous efftctency as a lamp depends on a synthesis of the three phosphors. A 
liquid erysta, dtsplay deviee havi„ g sufficient lumtnance. whtch is of htgher lumtnance than 
nitiona, „,u,d crysta, dtsplay dev.ce a, a h, g h NTSC ra.to, can he churned hy 
perfonmm.opttmiza.ionhetween the phosphors and the color fdter layers.even ,„ ,he case of 
I old Lode fluorescent fl g M tuhe of whtch lumtnous efficiency is ,0% or ower ,n 

hiuher in comparison wuh the eonventtona. cold cathode fluorescent l, g h, tuhe 

- Fig , is a vtew sh„win g a relation between an emtssion spectrum o, the g 

pnosp hor and a transmt.tance spectrum of the color fther layer. ,n Fi g . , me x axis mdtca.es 
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, lh The v axis on .he left .ndica.es an energy ra.io of .he emission spee.rum 
» 0p,iCallVaVileng,h - Th ;; evaxisonlhe „ g h.,nd,ca,e S ,.a„s m ,..aneeo f ,heco,„rf,.,. 
and ,, S unh is an arborary un.r. The y axrs on g ^ ^ ^ ^ 

laycr . The .ran— in .he drawmg ,s of ,h o f y ^ ^ ^ 

on0 0 %b y US eof,heco, d ca,hodenno.escen.hh, o. TOenumera| 

d — ». 5M - » 

,02 deno.es an emission spee.rum of LaPO,Ce. resDKtive l y . 

The blue color filter layer 503 possesses a .r— nee peak abo 
on the short . w ave side is abou, 430 nm and a waving* on .he ,o„g-wa»e _ , 

™— ::::: rr^— 7: 

itstra J Ie i sa b om70»,Moreove,where,he— nceisabou^^ — 

longer . A ,o„,wave side re g ,on above 700 nm is noep.mred. ^ 

The transmiltance spee.rum of .he color filler layer 
selectl0 „ of ma,ria.s or vana.ion of composmon rariosof pi g me„, for each cdor. 

As can be unders.ood from Pi, 5. a rad.an, ener g y spec,™ of .he green ,ph P 
()f lha cmbodim en, possesses a max.mum peak a, a pom. almos. come, en, w,.h he 
„, lancc pe* of .he ureen co.or f.Uer layer 504. and ,, does no, have any o.her snh peaks. 

;;:::,!, ,,, — — „ „, - ^ 
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of the red and the green eolor filter layers § 

lt is partieularly important that the speetral 
filter layers overlap. For one urnifc, 

wouM bring a factor obstrucb : -0 ac ~£ - radiantmergyoflhegreen 

fluorescent l.gm transm mance m the drawing 

^^^^"^.^J^Jrf .«»% by use of the cold cathode 
is of the eolor f.lter layer that achieves an NTSC ratio 

n,„sr,-s<-enllmht tube of Ihe embodiment. 

J. are no suh peaks of the emission spectrum within a wavelength region ,he, 
, he , n „sl m ee S pee, ra o f ,he b ,e a „dthe 8 ree„eo,„rnher S over l ap,fher a d,t,n,ener t 

the transmma , transmittancc eurves ot the 

the fiuorescen, light tube a. the interseerton pom, ol the spec 
blue and the green color filter layers should he preferably 50 „ or 
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f »hlv 40% or lower .hereof, regardless of the presence or 
of ,he blue phosphor, more preferably. 40 ... or 

abS ooceof rhesubpca, ,„ , he wavdenglh reg ,o„ where ,he 

Pe f ° 0 nd , e green color fli.er layers ovedap. However, i, is no, 

tra n S mi,.ance spectra of the red and t ^ ^ and ^ 

large ,y influential in achieving a htgh NTSC o. as p 

Fie 7 shows spectral transm.ttance of color filter layers, up 

Jdcathodefluorescen.hghttubeoftheembodim^^ 
(N evc0 7 0V,spec. ra ,,r— 

and , ls NT SC ratio is se, ,„ 70% (Current 0 7 0, ; spectra, — - * 

fNew.OO.andspectralt— r 

used and its NTSC ratio is set to 100 /o (Current iu j 

, h as e 1" the conventtona, co,d cathode fluorescent Ugh, tube is used for achtevmg the 

— eeofthe.eenco.orflUerlayerdrop, 

d ™ ,o :;:i,,c 

a d ,s„, w dcv.cc of the embodiment, a decrease in the transmtt.ance ,s small, in 

t NT C ratio of ,00%, the maximum transmtt.anee of the blue color f.her layer ,s 
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f c .ndica.es ft* ,he coid ca.hode fluoresce. I.gh, n,he and .he coior f.her iayers are we , 

largely sacntice ans (o d down 

can be raised up to 100% before the transm.ttance of the color y 

, ■ nrder t0 secure sufficient luminance as a liquid 

i k, a u,vh NTSC ratio is desirable in order to secuic >u 

c„ or finer layer is 55% or higher a, ,he NTSC ratio of 85% or h.gher. Merger, ,h 
m l e of the h.ue coior flher iayer shouid he preferabiy 40,. or ,g en 

„ because enlargem£ n, of fhe fdm — of the coior f.her iayers ,s re^ — 
, 0W er transnr.uance. which may incur a probien, fro. a v.ewpo.n. o, u,a„ ■ 

Fig 8 is a graph for describing variation of iuminance wUh respec, ,o NTSC rat.os 
oe,ween,hconven t io„a„i qU idc^,a,d,p 1 a y deviceand,he,i qU iderys,a l di S playdev,ceof 

rrhod.n.enr.Thexaxisind.ca.esanNTSCrai.oand.heyaxisindiearesainrn.nancerao. 
"i 8.areferencenn m era,80 1 deno 1 e Sl a ml na„ee„f t heconve„ t .onai,i q n,dc, St ad,sp 1 ay 

the enrhodintent. The uni, for ,he y axis is an arbitrary unir. in a region where the NTSC m o 
deviceachieveshigherlnm.nance.hanrheen.hod.nrenr^owever.inareg.onofah.ghNTSC 

crys.aid.spiaydeviceof.heenrhodinren.showshigher.unnnance.haniheconveni.ona.hou.d 
crystal display device. 

' ' |n „ ther words . ,he lum.nance of .he iicnnd crystai display device of ,he embod.n.cn, 

h sm aUer ihan tha, of fhe conveni.ona! iiou.d crystal disp.ay dev.ee c iow NTSC rain, 

b eca U se, Um inanceof l hec„idca,hode fl norescen.,. 8 h 1 ,ubeof.hec m h„d, m en,,ss,na,icr. 1 ,a 

,Ha, of .he convention* coid ca.hode fluoresce* .igh, ruhe. On ihe con.rary. ,n ,he range 
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In efficiently small) in comparison with the conventional liquid crystal display device. 

Fig , „ chromaticity coordtnares showing colot reproduction reg.ons. In Ftg. 
reference numeral 901 denotes an NTSC color reproduction regron. a reference numeral 90. 
"a color reproduction reg.on o f the conventional liquid crystal display dev.ee 
NTSC ratio of 70%. and a reference numeral 903 denotes a color reproduce regton of the 

, arger area means a w.der ran g e of color reproducrb.my. as ca„ oe ■ ■ -~ 

dra „ing. the color reproduction tc g ,on 903 of the embodiment ach.eves the NTSC a„o 

m lhe liquid crystal drsplay devtee of the cmbodrmen, in companson w„h that of 

conventional liquid crystal display device. 

Fuohcmrorcthehqutdcrystaldrsplaydcvrccofthcembodimentcan secure suffrcen, 

iumtnance. As described above, rhe embodiment can achieve a liquid crysra, display devrce 
having a h,gh NTSC rario and htgh luminance, whrch has been previously deemed 

""'"Til needless to say tha, rhe scope of the present invention is no, limned to the 

above-descrtbed embodrmcnt. For rhose skilled ,n the arr. u is easy .0 modify or change rhe 
componcnrsofrhcabove-dcscnhedembodimenrwnhinrhescopeofrhepresenrrnvennon. or 

cample, although the embodiment has been described regarding a liqrnd crystal tsplay 

devk , apphcauons of the present .m ention arc no, 1 red ,o liquid crystal display *, ,cc. 

The presen, inventron ,s also applicable to other color display decrees having a color Hirer and 
a fluorescent light tube as a light source. Moreover, the liquid crystal dtsplay devtce „ no, 
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limW ,„ ,„a, of a, acrive naa.ri* W , bu, is a ls o appUcab.e ,o U- of a super .wis-ed 
:l ( STN, W e ^ ,he „e. As foe Uue a. ,ed pbospnor, pbospbocs odner dnan ,ne 
substances of the phosphors cited herein are also usable. 

de , ail ,, snou.d oe unders.ood una, various c„an 8 es. subs„,uri„ns and aUemanons can be u,ade 
L„ widnou, depan,n g fro. spin, and scope of ,ne inventus a S denned bv ,ne appended 



claims. 
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